INTRODUCTION
============

Metabolic syndrome is a disease with symptoms that include abdominal obesity, high triglyceride, low high density lipoprotein (HDL) cholesterol, high glucose, and hypertension. As the prevalence of obesity increases worldwide, the prevalence of metabolic syndrome has also increased ([@B1]). An analysis of data from a Korean nutrition survey showed a rapid increase in the prevalence of metabolic syndrome from 24.9% in 1998 to 31.3% in 2007 ([@B2]). Metabolic syndrome can increase the risk of cardiovascular disease and death, thus prevention and early treatment of metabolic syndrome is an important public health issue ([@B3]).

Gallbladder (GB) polyps are defined as any type of mass found in the gallbladder lumen, and they have become more common as ultrasonic examinations are more widely used in physical examinations. GB polyps are roughly classified into true polyps and pseudopolyps. True polyps include adenomas and adenocarcinomas, while pseudopolyps include cholesterol polyps, inflammatory polyps, and hyperplastic polyps ([@B4]). As with colorectal cancer, the adenoma-carcinoma sequence is associated with gallbladder cancer ([@B5]) and surgical removal is recommended for all true polyps because adenoma is considered a precancerous change. However, it is hard to obtain polyp tissue before surgery and to distinguish true polyps from pseudopolyps. Therefore, in order to increase survival rates it is necessary to find polyps as early as possible by using various clinical and image indices.

Recent studies have shown that obesity ([@B6]-[@B10]). and impaired glucose tolerance ([@B7]) are associated with GB polyps, which is believes so far to be the risk factor of gallbladder cancer ([@B11],[@B12]). Thus, it seems likely that the prevalence of GB polyps is increasing. However, rare research has been conducted on the association between metabolic syndrome and GB polyps in Korea.

This study aimed to evaluate the association between elements of metabolic syndrome and GB polyps found by abdominal ultrasonography. The study also assessed the association between other possible risk factor that impact GB polyps in order to determine if there is an association between the metabolic indices and GB polyps, the risk factor of gallbladder cancer. Ultimately, this will help determine whether metabolic syndrome is related to GB polyps or not in Korean population, and we can make use of this result to our medical knowlege base.

MATERIALS AND METHODS
=====================

Research subjects
-----------------

The primary subjects of this study were adult males and females over the age of 20 who received a physical examination in a health-screening center of a Seoul tertiary care hospital in 2008. Patients who received abdominal ultrasonography and whose medical records included age, height, BMI, waist circumference, and information about metabolic syndrome elements were included in the study. Patients who had a cholecystectomy or GB stones, or whose medical records did not include information about hepatitis B surface Ag (HBsAg) levels, body fat, or muscle mass were excluded. A total of 5,685 subjects were included in the study and 485 of them had GB polyps and 744 had metabolic syndrome.

Physical measurements and blood tests
-------------------------------------

Height and weight were measured by automatic measuring equipment, and body mass index (BMI) was determined by dividing weight (kg) by height squared (m^2^). Waist circumference was measured at the middle of the lowest part of rib and the highest part of iliac spine while the subject was in an erect posture and exhaling. Body fat and muscle mass of fasting subjects were measured with body composition analysis equipment (InBody 720, Biospace, Seoul, Korea) using the bioelectric impedance analysis method.

Brachial artery blood pressure was measured using an electronic hemodynamometer when the subject was seated and had been stable for at least ten minutes. If blood pressure measurements were not normal, blood pressure was measured again after resting for ten additional minutes. Average blood pressure was calculated as (systolic blood presseure + 2 × diastolic blood pressure)/3. Venous blood was collected after the subject had fasted for at least eight hours, and an auto analyzer measured fasting glucose, triglyceride, HDL cholesterol, gamma-GTP (γ-GTP), total bilirubin, and HBsAg.

Diagnosis of metabolic syndrome
-------------------------------

In this study, metabolic syndrome was defined according to standards suggested by the American Heart Association (AHA)/National Heart, Lung and Blood Institute (NHLBI) ATP III 2005, which is using the standard suggested by International Diabetes Federation (IDF) ([@B13]) in 2005 and the standards by National Cholesterol Education Program, Adult Treatment Panel III (NCEP ATP III) in 2005 ([@B14]). And abdominal obesity was defined according to standards set forth (≥ 90 cm in men and ≥ 85 cm in women for Korean) by the Korean Society for Study of Obesity ([@B15]).

According to the guidelines suggested by AHA/NHLBI ATP III 2005, metabolic syndrome was diagnosed when three of following conditions were met:

Waist circumference ≥ 90 cm (male) or ≥ 85 cm (female) ([@B15])Trigyceride ≥ 150 mg/dL or medicated to treat this conditionHDL-C \< 40 mg/dL (male), \< 50 mg/dL (female) or medicated to treat this conditionSystolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg or medicated to treat hypertensionFasting glucose ≥ 100 mg/dL or medicated to treat diabetes

Diagnosis of GB polyps
----------------------

One radiology specialist determined that a GB polyp is present by radiologic definition if ultrasonography reveals any size hyperechoic mass projecting from the gallbladder wall, without acoustic shadowing and without any movement following a change in posture ([@B16]-[@B19]). There is a study showing that metabolic syndrome was related to the increase of GB stone ([@B20]). Thus subjects with coexisting pancreatobiliary tract disease and GB stones were excluded, as were subjects who did not have a gallbladder due to a cholecystectomy.

Statistical analysis
--------------------

All statistical analysis was performed using SPSS for Windows, version 18.0 (SPSS Inc., Chicago, IL, USA). The GB polyp group and the non-GB polyp group were compared using an independent t-test for continuous variable comparison and a chisquare test for non-continuous variable comparison. In multivariate analysis, the association between elements of metabolic syndrome, various risk factors and GB polyps were evaluated using biphasic logistic regression with a 95% confidence interval where *P* \< 0.05 was considered statistically significant.

Ethics statement
----------------

The study protocol was approved by the institutional review board of Ewha Womens University Mokdong Hospital (IRB No. ECT 11-35-27). Informed consent was confirmed by the board.

RESULTS
=======

General characteristics of research subjects
--------------------------------------------

There were a total of 5,685 research subjects, with 485 in the GB polyp group and 5,200 in the non-GB polyp group. The effect of each component of metabolic syndrome and possible risk factor on GB polyps were evaluated by comparing the characteristics of the GB polyp group and the non-GB polyp group ([Table 1](#T1){ref-type="table"}). Average age of the 485 polyp patients was 44.9 ± 9.8 yr and average age of control group was 43.9 ± 10.4 yr. The frequency of GB polyps was higher in males (5.5%) than in females (3.1%). When the GB polyp group and the non-GB polyp group were compared, age (*P* = 0.036), BMI (*P* \< 0.001), muscle mass (*P* \< 0.001), waist circumference (*P* \< 0.001), systolic blood pressure (*P* = 0.023), diastolic blood pressure (*P* = 0.021), fasting glucose (*P* = 0.039), and HDL cholesterol (*P* = 0.001) of the GB polyp group were significantly higher than the control group in an univariate analysis of continuous variables. In a univariate analysis of non-continuous variables, both male and female members of the GB polyp group were significantly more likely to be HBsAg positive (*P* = 0.017).

Multivariate analysis of factors related to GB polyps
-----------------------------------------------------

Age-adjusted multivariate analysis was performed using significant factors from univariate analysis. Results showed that male subjects had a higher odds ratio (1.493, 95% CI, 1.11-2.00) than female subjects and the HBsAg positive group had a higher odds ratio (1.591, 95% CI, 1.06-2.38) than the HBsAg negative group ([Table 2](#T2){ref-type="table"}). An age-adjusted multivariate analysis of these factors showed that only male gender and HBsAg status were significant independent factors to the occurrence of GB polyps.

Relation between presence of metabolic syndrome and GB polyp
------------------------------------------------------------

A multivariate analysis was performed after adjusting for age, gender and HBsAg positivity to determine how metabolic syndrome affects gallbladder polyps. When metabolic syndrome was present, the odds ratio of GB polyps was 1.315 (95% CI, 1.01-1.69), which is significantly higher than when metabolic syndrome was not present.

DISCUSSION
==========

The prevalence rate of GB polyps is different between countries ([@B21]), and even within countries, urban areas and agricultural areas ([@B22]). According to reports from countries other than Korea, the prevalence rate of GB polyps is approximately 5% ([@B16]). The prevalence rate in Korea is 3% ([@B6]) with a report of 2.2% ([@B9]) in one single institution study.

Though the survival rate of GB cancer has improved with the development of radiological examination equipment and advanced therapy, it still easily metastasizes at early stages with almost no symptoms and thus is typically diagnosed in advanced stages when surgery is no longer an option. Therefore, the prognosis for GB cancer is generally very poor. The primary risk factor for gallbladder cancer is GB polyps. It is difficult to distinguish between malignant and benign GB polyps, despite efforts by numerous studies to differentiate them and to find the risk factor of GB polyps.

So far, most research, including the present study, has shown that GB polyp frequency is higher in males than in females ([@B7], [@B11], [@B16]). And this study shows the same result. Therefore, being male is considered to be a risk factor for GB polyps.

Cholesterol polyps are the most common type of GB polyp. Some hypothesize that GB polyps are formed when cholesterol is directly deposited on the gallbladder, similar to the plaque formation in arteriosclerosis ([@B23]). There are reports that free sterol can transform from gall to gallbladder mucous membrane, and cholesterol polyps are related to intrahepatic cholesterol synthesis changes ([@B24]). But a comparison of GB polyps and various blood lipids did not produce any significant results, and lipid was not a risk factor of polyps in this study.

Some studies have reported that obesity has an effect on GB polyps ([@B6], [@B11]). Meanwhile, others did not find a relationship between obesity and GB polyps ([@B7], [@B16]). The present study observed an insignificant relationship between obesity and GB polyps.

Impaired glucose tolerance is known to be a risk factor ([@B7]) of GB polyps, leading to the hypothesis that high glucose hinders the contraction of gallbladder and suppresses the secretion of gall. However, there was no relationship between GB polyps and diabetes in this study.

This study also found that the odds ratio of GB polyps was higher in the HBsAg positive group, which is similar to results from other studies in Korea ([@B6], [@B12]). It remains unclear whether the infection of hepatitis B itself is a risk factor of GB polyps, or if GB polyps are formed as a result of chronic hepatitis B or liver cirrhosis.

Waist circumference, blood pressure, fasting glucose, HDL cholesterol, age, gender, BMI, and HBsAg status were all significant GB polyp risk factors in univariate analysis. However, gender and a positive HBsAg status were the only risk factor of GB polyps that were found to be significant in multivariate analysis. The metabolic syndrome group had a higher odds ratio of GB polyps (1.315, 95% CI, 1.01-1.69) than the group without metabolic syndrome, after adjusting for age and gender.

This study has several limitations. First, the subject group consisted of patients who visited one university hospital health screening center and therefore does not represent the entire community. Also, subjects without waist circumference, body fat, and muscle mass measurements were excluded, which could falsely indicate that these indices are not risk factors of GP polyps. This is supported by the fact that BMI was an insignificant risk factor (*P* = 0.155), while the odds ratio was 1.041. Future studies should compare randomly selected members of the general public with and without GB polyps. Another limitation of this study is that small polyps under 5 mm may be hard to distinguish from GB stones. Most polyps are less than 5 mm; thus, in this study the presence of GB polyps was based on movement following change in posture, and posterior acoustic results. Finally, cholesterol polyps, adenomatous polyps, and inflammatory polyps were all regarded as GB polyps during this study. The fact that all polyps were included in the polyp group, regardless of size and type, may have affected the results. However, it is very difficult to make a clear histological diagnosis of GB polyps except through histopathological confirmation after surgery, and therefore all polyps had to be classified in the same group. Future studies should attempt to classify polyps by size and number according to histological findings.

Despite the limitations described above, this study has several strengths. There has not been much of a study, attempt to determine the association between GB polyps and metabolic syndrome. And most previous studies have focused on the risk factors of GB polyps. However, this study clarified that the metabolic syndrome group had a higher odds ratio of GB polyps than the control group.

Since there was a study showing that metabolic syndrome was related to the increase of GB stone ([@B20]), the significance of this study is that association between GB polyp and metabolic syndrome was compared by classifying a group with only GB polyp and control group. In addition, this study focused on physical characteristics unique to Koreans by using standards from the Korean Society for the Study of Obesity ([@B15]) when diagnosing abdominal obesity ( ≥ 90 cm in men and ≥ 85 cm in women for Korean). Finally, this study used the most current standards and considered fasting blood glucose ≥ 100 to be a component of metabolic syndrome.

In conclusion, we confirmed that being male and having an HBsAg-positive status are significant risk factors of GB polyps, and that metabolic syndrome is independently related to increased odds ratio of GB polyps in Koreans. In the future, a prospective longitudinal study would be necessary to explain the association of metabolic syndrome and GB polyps.
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^\*^Values (Gender and HBsAg) are presented as number (%). Other values are presented as mean ± standard error. ^†^*P* values were calculated by t-test and chi-square test. BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HDL, high density lipoprotein.
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Risk of GB polyps according to metabolic syndrome components and GB polyp risk factors
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^†^*P* value calculated by multiple logistic regression analysis after adjusting for age. GB, gallbladder; OR, odds ratio; CI, confidence interval.
